Abstract
Introduction Approximately 8, 200 new diagnoses of anal cancer and 1,100 deaths from this disease are expected in the United States in 2017 [1] . Although it is considered an uncommon malignancy, the incidence of anal squamous cell carcinoma (SCC) increased at a rate of nearly 2.2%/year from 2005-2014 [2] . Historically, this disease was treated with abdominoperineal resection (APR) with associated 5-year overall survival (OS) ranging from 40-70% [3] . Given the morbidity accompanying APR, attempts at nonoperative management were a welcome paradigm shift since Nigro et al. reported complete tumor response in 23 of 28 patients receiving neoadjuvant concurrent fluorouracil (5FU), mitomycin (MMC), and radiation (RT) [4] . More recently, numerous randomized trials have established concurrent chemoradiation (CRT) as the standard of care for anal cancer [5] [6] [7] [8] [9] . While CRT is associated with 5-year OS of 50-75% and 5-year colostomy-free survival of 60-75%, it is not without toxicity [5] [6] [7] [8] [9] . For instance, rates of acute grade 3-4 toxicity for patients receiving RT+5FU/MMC in RTOG 9811 were 62% for hematologic toxicity, 49% for dermatologic toxicity, and 37% for GI toxicity [8] .
One approach to reduce the toxicity associated with definitive CRT has been the use of intensity-modulated radiation therapy (IMRT). In a phase II, single-arm study, RTOG 0529 investigated the ability of dose-painted IMRT+5FU/MMC to reduce acute grade 2+ GI/GU toxicity compared to the standard arm of RTOG 9811 [10] . The primary endpoint was not met; however, IMRT was associated with a decreased risk of grade 2+ hematologic, grade 3+ gastrointestinal, and grade 3+ dermatologic events [10] . Secondary analyses have correlated this reduction in toxicity to reduced RT doses to the small bowel and anterior pelvic contents [11] . Moreover, multiple retrospective studies have suggested similar oncologic outcomes for patients treated with IMRT compared to patients receiving older RT techniques [12] [13] [14] [15] . In this report, we update our institutional experience using a predominantly sequential-boost IMRT technique with concurrent chemotherapy for the definitive treatment of anal SCC.
Another evolving area of research in the field of anal carcinoma is investigation of the relationship between this disease and human papillomavirus (HPV) [16] [17] [18] . Previous reports have suggested that, similar to cervical cancer, the majority of anal SCCs are associated with HPV infection [16] [17] [18] . Specifically, the high-risk HPV subtype 16 has been implicated as the most commonly detected HPV genotype [17, 18] . However, several groups have studied the prognostic utility of HPV status in anal SCC with mixed results [19] [20] [21] [22] [23] . Interestingly, one such study investigating 143 tumors found p16-positivity to be independently associated with OS [21] . To be a clinically-useful indicator of HPV infection, the correlation between p16-positivity and actual HPV infection must be reliable, and at least one group has shown a strong correlation between p16 status and HPV detected by chromogenic in-situ hybridization (ISH) [22] . Herein, we analyzed the p16/HPV characteristics and prognostic ability of p16/HPV status for a subset of patients with anal SCC receiving definitive IMRT and chemotherapy.
Materials and methods

Patient selection
The medical records of 52 patients with anal SCC treated with definitive IMRT and concurrent chemotherapy at a single institution from 2000-2016 were retrospectively reviewed. The University of Chicago Institutional Review Board (IRB) approved of this study (IRB14-0099). The majority of patients provided written informed consent for inclusion in a long-term database for investigation of anal cancer outcomes and toxicity. Waiver of informed consent due to the retrospective nature of this work was obtained for all other patients for whom follow-up was not ongoing. The University of Chicago IRB approved both the written informed consent procedure and waiver of informed consent in patients who could not provide written informed consent.
Prior to treatment, all patients had a complete history and physical, workup as deemed appropriate by the treating physician, and staging according to the American Joint Committee on Cancer 7th Edition. Patients did not receive induction chemotherapy and all were treated with curative intent for non-metastatic disease. Of the 52 patients in the IMRT cohort, 22 had readily-available tumor specimens that were evaluated for HPV and p16 status. HPV genotype was performed using a multiplex, real-time polymerase chain reaction (PCR) assay. Specifically, this PCR detects seven clinically-relevant, high-risk HPV subtypes including HPV 16, 18, 31, 33, 45, 52, and 58. Tissue was also tested for the presence of p16 expression using immunohistochemistry (IHC) with intensity of staining rated on a 0, 1, and 2+ scale. A positive result was defined as 2+ staining.
Treatment technique
IMRT most commonly consisted of a sequential-boost technique delivering 45 Gy to the pelvis (with a reduction after 30.6 Gy including only the low pelvis if node negative) and inguinal lymph nodes, and 54 Gy to the anal tumor in 1.8 Gy/fraction. Five patients received IMRT using a simultaneous-integrated boost technique in which involved lymph nodes >1.5 cm in size received 2.0-2.2 Gy/fraction over the first 25 days. Prospective bone marrow-sparing guidelines were observed in 20 patients. Concurrent chemotherapy consisted of 5FU/MMC in 87% of patients and 5FU/cisplatin in 10% of patients. Patients typically received 5FU 1000 mg/m2 by continuous intravenous infusion on days 1-4 and days 29-32 of IMRT, and MMC 10 mg/m2 intravenously on days 1 and 29 of IMRT. One patient received 5FU alone, and one patient received unknown chemotherapy. Toxicities were graded using the Common Terminology Criteria for Adverse Events, version 4, at weekly on-treatment visits while receiving IMRT and during regular follow-up after completion of therapy typically occurring at least every 6-12 months. Late toxicity was defined to occur 3 months after completion of IMRT.
Endpoints and statistical analysis
Endpoints included freedom from locoregional failure (FFLRF), freedom from distant metastasis (FFDM), freedom from colostomy (FFC), and OS. All endpoints were calculated from the date of completion of IMRT. FFLRF was defined as the time to any local or regional failure detected on physical exam, colonoscopy, or imaging of the abdomen/pelvis. FFDM was defined as the time to development of any extrapelvic distant disease detected on imaging.
FFC was defined as time to the date of the operation. OS was defined as the time to death from any cause as determined from review of medical records or the Social Security Death Index. Univariate survival analyses were estimated using Kaplan-Meier methods. Patients were censored as appropriate for death or loss to follow-up. Correlation between HPV detected via PCR and p16 detected via IHC was performed with Chi-square analysis. All statistics were performed using JMP Statistical Software (v 13.0, SAS Institute, Cary, NC).
Results
Patient characteristics
Patient demographics, tumor characteristics, and treatment details are displayed in Table 1 . The median age was 57 years, and the majority of patients were female (71%) with T2/T3 (79%), N0 (62%) disease. Seven patients (14%) had a history of human immunodeficiency virus infection. All patients received concurrent chemotherapy most commonly consisting of 5FU/MMC (87%). The median prescription to the anal tumor was 54 Gy (range 45-59.4 Gy) delivered using a sequential-boost technique. Treatment breaks ranged from 1-10 days with 39% of patients requiring a break of any duration. Of patients experiencing treatment breaks, 85% had breaks at least 3 days long. The most common documented reasons for a treatment break were hematologic toxicity (40%) and skin toxicity (25%). The remaining patients had breaks for generalized complaints including weakness/dehydration (10%) or unknown reasons. The median treatment duration was 42 days (range 32-58) from the first to last fraction of IMRT.
HPV characteristics
Twenty-two tumor samples were tested for HPV genotype, and 21 were tested for p16 positivity. HPV was detected via PCR in 91% of samples. HPV genotypes included 16 (80%), 33 (10%), 18 (5%), and 45 (5%). Additionally, IHC staining was positive for p16 in 71% of tested samples. On Chi-square analysis, p16 and HPV status were associated with one another (p = 0.07).
Treatment-related toxicity
Acute toxicity data are listed in Table 2 . Of patients with available toxicity data, acute grade 2+ skin, gastrointestinal (GI), and genitourinary (GU) toxicities occurred in 94%, 81%, and 19% of patients, respectively. Additionally, grade 3+ acute skin, GI, and GU toxicities occurred in 48%, 7%, and 0% of evaluable patients, respectively. Acute hematologic toxicity data were available on less than half of the cohort. Of note, grade 3+ leukopenia was experienced by 62.5% of evaluable patients (n = 15/24). Late GI and GU toxicity data were available for 62% of patients (n = 32). Late grade 2 and grade 3 GI toxicity occurred in 25% (n = 8/32) and 3% (n = 1/32) of evaluable patients, respectively, whereas late grade 2 GU toxicity occurred in 9% of evaluable patients (n = 3/32). No evaluable patients experienced late grade 3+ GU toxicity.
Treatment outcomes and failures
Median follow-up was 33 months from completion of IMRT. Kaplan-Meier survival curves displaying treatment outcomes for all patients receiving IMRT with concurrent chemotherapy (n = 52) and the subset of HPV+ patients (n = 20) are displayed in Figs 1 and 2 , respectively. Three-year estimated FFLRF, FFDM, FFC, and OS in the entire cohort were 94%, 85%, 91%, and 90%, respectively. Of patients experiencing locoregional failure (6%), one experienced local failure, one experienced regional failure, and one experienced combined local and regional failure. The interval to locoregional failure ranged from 2-20 months after completion of IMRT. For patients experiencing distant failure (n = 5), the interval to detection of metastatic disease from completion of IMRT ranged from 2-12 months. Four of 5 patients experiencing DM had HPV + disease with the remaining patient having unknown HPV status. One HPV+ patient experienced oligometastatic DM manifesting as a single right lower lobe pulmonary nodule. She underwent wedge resection and continued to have no evidence of disease 2 years postoperatively throughout her last follow-up. Colostomy was performed on a total of 4 patients. The indication for colostomy was salvage of local recurrence of anal SCC in 2 patients, prophylactic colostomy for history of familial adenomatous polyposis in 1 patient, and resection of a metachronous colorectal cancer in 1 patient. For HPV+ patients, 3-year FFLRF, FFDM, FFC, and OS were estimated to be 100%, 69%, 100%, and 88%, respectively. On univariate analysis using Kaplan-Meier methods, neither HPV status nor p16 status was significantly associated with any endpoint (all p>0.05), although there was a trend towards improved OS for p16+ patients (p = 0.09). Intensity-modulated radiation therapy and HPV characteristics for anal cancer
Discussion
In this report with a median follow-up of 33 months, we update our institutional outcomes and toxicity data for patients with anal SCC receiving concurrent chemotherapy and IMRT at time points approximately twice as long after completion of IMRT compared to our previously published experience [13] . As long-term outcomes and toxicity data have not been prospectively reported for IMRT for anal cancer, our study adds to a growing body of retrospective literature on this topic [12] [13] [14] [15] . Additionally, we performed HPV genotyping and p16 IHC for a subset of tumor specimens to explore the HPV characteristics of our patient population. Three-year locoregional disease control was excellent for the overall cohort and 100% for a subset of patients with HPV+ disease. In general, concurrent chemotherapy and IMRT was well-tolerated with patients most frequently experiencing acute grade 2+ dermatologic and GI toxicity. Moreover, the majority of patients with known HPV status were found to have HPV+ disease (91%) with the most common HPV genotype being HPV 16 (80%). Overall, outcomes for our cohort were superior or comparable to the long-term outcomes for patients receiving RT+5FU/MMC on RTOG 9811, although differences in patient populations as well as reporting of outcomes from time of randomization in RTOG 9811 rather than from time of completion of RT as in our study limit direct comparison [8] . For our entire cohort, 3-year FFLRF, FFDM, and OS were 94%, 85%, and 90%, respectively. The same 5-year outcomes from RTOG 9811 were 80%, 87%, and 78%. These favorable long-term IMRT outcomes were associated with a reasonable toxicity profile, although toxicity data may be under-reported given the retrospective nature of this report. Our 7% rate of acute grade 3+ GI toxicity compares quite favorably to the rates for the same toxicity in the standard arm of RTOG 9811 (36%) and in RTOG 0529 (21%). On the other hand, the risk of acute grade 3+ skin toxicity (48%) was comparable to RTOG 9811 (49%) and significantly higher than the 21% rate reported in RTOG 0529. It is possible that differences in IMRT technique may have contributed to this discrepancy, especially considering the variation in target delineation across clinicians found on central review in RTOG 0529. Additionally, our IMRT approach relied predominantly on a sequential-boost technique rather than dose-painting. Hematologic toxicity was evaluable for less than half of our cohort with 19 of 22 evaluable patients (86.3%) experiencing grade 2+ neutropenia. This is relatively similar to the rate of any grade 2+ hematologic toxicity in RTOG 9811 (85%) and higher than the same rate reported for RTOG 0529 (73%). In the future, routine use of bone marrow-sparing dosimetric constraints may more effectively limit hematologic toxicity with IMRT [24] .
We also report the HPV characteristics for a subset of patients with anal SCC receiving IMRT with concurrent CRT. Consistent with other patient cohorts, our population had predominantly HPV+ tumors with the most common HPV genotype being HPV 16 [16] [17] [18] . Of note, HPV status detected by PCR and p16 IHC were associated on Chi-square analysis. This suggests that IHC may be a sufficient screening tool that can be performed more quickly and more cost-effectively than PCR. However, caution is needed when considering the routine adoption of this approach clinically as stratification using combined HPV and p16 status has been associated with improved prognostication compared to using either characteristic alone [19] . Specifically, patients with HPV-/p16+ disease were noted to have 5-year local control of just 63.6% compared to 88.1% for patients with HPV+/p16+ disease in one German cohort [19] . This may be related to the unique biology of p16 overexpression that may develop independently of HPV infection, as has been observed in the setting of oropharyngeal SCC [25] . Our excellent locoregional control for patients with HPV+ anal SCC is also consistent with multiple reports from other institutions [19, [21] [22] ; however, our small sample size with only 2 patients having confirmed HPV-disease limits our ability to draw conclusions regarding the prognostic significance of HPV status. Our original study hypothesis that HPV+ patients may be preferential candidates for treatment de-escalation is therefore not supported by the data, although it is fair to consider de-intensification as a justifiable topic of study given the very high rate of local control for all patients treated with 54 Gy and 5FU/MMC. The seminal study by Nigro et al. reported an 82% pathologic complete response rate for patients receiving only 30 Gy in 2 Gy/fraction with concurrent 5FU/MMC; however, only 7% of patients in this series had node-positive disease [4] .
Despite our high rate of FFLRF for all patients and the subset with known HPV+ disease, the risk of distant failure continued to be substantial with 3-year rates of distant metastasis of 15% for the entire cohort and 31% for those with known HPV+ disease. This predilection for systemic failure was also suggested by Yhim et al. who reported that patients with HPV+ anal SCC had superior locoregional oncologic outcomes but had similar risk of systemic failure compared to HPV-patients [22] . Therefore, future improvements in disease control for anal SCC may rely on new chemotherapeutic approaches such as the selective use of adjuvant systemic therapy for patients at high-risk for development of metastatic disease. Aggressive treatment of oligometastatic disease may also be beneficial with one patient in our cohort experiencing no progression of disease nearly 2 years after wedge resection of an isolated pulmonary metastasis. The benefits of adopting a treatment paradigm of local ablation for oligometastatic disease have recently been reported for other primary malignancies most notably including non-small-cell lung cancer [26] .
Conclusions
Although the present study is limited by its retrospective nature with limited evaluable pathology and follow-up data, it adds to a growing body of literature investigating HPV characteristics for patients with anal cancer and the role of IMRT in treatment of this disease. Definitive CRT will likely continue to rely on IMRT to decrease toxicity of locoregional therapy without compromising tumor control. Further studies analyzing the relationship between HPV status and oncologic outcomes for anal cancer are warranted.
